ABSTRACT A subclass of nonhistone chromatin proteins from rat liver, previously shown to exhibit high affinity for DNA, has been fractionated by single-stranded DNA-agarose affinity chromatography. The protein fraction that bound to DNAagarose in 0.19 M NaCl-buffer and was eluted with 2 M NaClbuffer is enriched for a protein component of approximately 20,000 daltons and exhibits preferential binding to denatured DNA. This nonhistone protein fraction specific for single strands binds to DNA in a non-species-specific manner, and causes helix-coil transition of synthetic poly~d(A-T)d(A-T)J at 25°, as indicated by the increase in absorbance of ultraviolet light at 260 nm. The observed hyperchromicity does not result from any nuclease activity in the protein fraction, because addition of Mg+2 results in partial hypochromic shift, and the protein/DNA complex is retained by nitrocellulose filters. Protein/DNA interactions are clearly important in the structure and function of the eukaryotic chromatin. Interactions of histones with DNA have been extensively analyzed and, in recent years, have been shown to give rise to the subunit structure of the chromatin (1-5). The role of the nonhistone chromatin proteins (NHCP) in the chromatin is also a subject of much current interest. However, the NHCP are a heterogeneous class of proteins that have long resisted fractionation and characterization. Recently, the DNA binding properties of the NHCP have been exploited to fractionate and characterize them, and to gain insight into their possible biological roles (6-17).
helix-coil transition of synthetic poly~d(A-T)d(A-T)J at 25°, as
indicated by the increase in absorbance of ultraviolet light at 260 nm. The observed hyperchromicity does not result from any nuclease activity in the protein fraction, because addition of Mg+2 results in partial hypochromic shift, and the protein/DNA complex is retained by nitrocellulose filters. Protein/DNA interactions are clearly important in the structure and function of the eukaryotic chromatin. Interactions of histones with DNA have been extensively analyzed and, in recent years, have been shown to give rise to the subunit structure of the chromatin (1) (2) (3) (4) (5) . The role of the nonhistone chromatin proteins (NHCP) in the chromatin is also a subject of much current interest. However, the NHCP are a heterogeneous class of proteins that have long resisted fractionation and characterization. Recently, the DNA binding properties of the NHCP have been exploited to fractionate and characterize them, and to gain insight into their possible biological roles (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
In our laboratory, we have isolated a distinct subclass of the NHCP, designated APNH (acidic proteins with affinity for nucleohistone) (18) , and have studied its in vitro DNA binding properties. We have demonstrated that APNH binds to DNA optimally at physiological conditions (9) (10) (11) . Equilibrium and kinetic competition experiments indicated that this protein fraction interacts preferentially with A-T rich and/or singlestranded DNA, which suggested that APNH might affect the helix-coil transition of DNA (11) . In this communication, we report on the isolation of a component of the APNH 
that unwinds synthetic poly[d(A-T)-d(A-T)] at room temperature. MATERIALS AND METHODS
Preparation of DNA. The preparation and purification of phage T7 DNA labeled with [3H]thymidine unlabeled rat liver nuclear DNA, and commercial calf thymus DNA (Worthington Biochemicals) was as described previously (11) . The DNAs designated as double stranded were digested with S1 nuclease and purified by banding in CsCl (19 were dissolved in 0.19 M NaCl, 0.01 M Tris-HCl, 1 mM Na2EDTA (pH 7.5). All DNAs were stored at 40 over CHC13.
Preparation of Protein. The APNH subfraction of the rat liver nonhistone chromatin proteins was isolated as described elsewhere (11) . This subfraction contains about 10% of the total NHCP and precipitates with the deoxynucleohistone when chromatin solution in buffered 2 M NaCl and 5 M urea is dialyzed against 13 volumes of distilled water. It is separated from histones and DNA by chromatography on hydroxylapatite (18 (20) and by the Lowry et al. method (21) . Polyacrylamide gel electrophoresis in sodium dodecyl sulfate of proteins was as described by MacGillivray et al. (22) (19) . This is consistent with the results of DNA-agarose chromatography in urea (Fig. 1) (Fig. 1) and the initial APNH applied to the column were subjected to sodium dodecyl sulfate gel electrophoresis. Gels were strained in Buffalo Black, destained, and scanned at 650 nm. Electrophoresis was from left to right. The vertical arrows (G) indicate RF = 0.64, corresponding approximately to 20,000 daltons.
respective DI/2s. The DI/2s for single-and double-stranded DNAs were 0.024 ,ug/ml and 0.18 ,tg/ml, respectively. Effect of the single-stranded DNA "bound" fraction of APNH on the helix-coil transition of DNA The effect of the "bound" protein fraction on the helix-coil are noninteracting, then their mixing should not affect the absorbance at any wavelength since the pathlength for each is doubled and the concentration is reduced by one-half. Thus, the effects of mixing are negated. On the other hand, interacting components should undergo a change in absorbance upon mixing.
In our experiment two absorbance changes were observed. One small, time-independent increase (less than 5%) in A260 resulted when protein solution in one compartment was mixed with 0.05 M KCI, 0.01 M Tris-HCI, 0.001 M EDTA in the other. A second large time-dependent increase in A260 resulted -when the "bound" protein fraction was mixed with poly[d(A-T). d(A-T)]. This latter hyperchromic effect (Fig. 4) (24) . Correcting for the tm depression due to 2.5 M urea (6.50), the tm of the poly[d(A-T)-d(A-T)] was 590 (25) . Thus, the tm depression effected by the single-stranded specific protein fraction of APNH is 33°-34°. This is in good agreement with the Atm (-35°) observed in thermal denaturation experiments with unfractionated APNH (19) and that reported for the gene 32 protein (24 4 .
DISCUSSION
The role of the nonhistone proteins in the structure and function of the eukaryotic chromatin is presently a subject of much interest. Although they have been implicated in the regulation of transcription (26, 27) little is known about the molecular basis of their effect on the DNA template.
In any consideration of gene functions, unwinding of the DNA template is clearly an important step. We have shown in this study that a fraction of the nonhistone proteins, which was isolated on the basis of its affinity for single-stranded DNA, effects unwinding of a synthetic DNA at ambient temperature. This fraction, although not homogeneous, is markedly enriched for a low-molecular-weight component, which we infer to be the single-stranded specific protein. It is clearly present in the total protein applied to the DNA-agarose column but is depleted from the ("unbound") protein fraction that failed to bind to the column under the fractionation conditions (Fig. 2) . It is not clear whether the remaining proteins in the fraction with the unwinding activity are also DNA binding proteins which copurified with this low-molecular-weight species or whether they are nonspecific contaminants. The effectiveness of the DNAagarose chromatography employed in enriching for the single strand specific protein was evident from the rechromatography experiments and the DNA-binding properties of the proteins determined by an alternate assay.
As noted earlier, proteins which preferentially bind the coil form of DNA lower the tm of the DNA duplex. If this interaction is sufficiently strong, then the tm can be lowered into the physiological temperature range (23) . Thus, in view of the single-stranded specificity of the DNA-binding protein fraction described here, its hyperchromic effect on poly [ 
d(A-T).d(A-T)]
was not entirely unexpected. This phenomenon is best explained as protein facilitated helix-coil transition of the synthetic DNA. Two alternative explanations, however, could also account for this observation. The increase in absorbance could be a light scattering phenomenon resulting from either protein or protein/DNA aggregation following the dilution of urea from 5 to 2.5 M. We discount this possibility since the absorption spectra before and after mixing were essentially superimposable (unpublished data), except for the increased absorbance in the peak area; no significant absorbance increase below 250 nm was noted. Also, the DNA/protein complexes formed are soluble in aqueous buffers. Alternatively, a nucleolytic activity, if present in the protein preparation, could account for the observed hyperchromicity. We consider this also improbable since Biochemistry: Thomas and Patel 4368 Biochemistry: Thomas and Patel more than 90% of T7 DNA mixed with the protein is bound and retained on the nitrocellulose filter. These DNA/protein complexes are stable with no loss of DNA as a function of time. Furthermore, the molecular weight of T7 DNA was not appreciably reduced when mixed with the protein (unpublished data). Finally, the reversibility of the hyperchromicity by addition of Mg++ strongly argues against nucleolytic activity. We conclude, therefore, that the hyperchromicity attendant on the mixing of poly[d(A-T)-d(A-T)] with the single-stranded specific protein fraction isolated by us truly reflects protein facilitated unwinding of the DNA.
Single-stranded specific DNA binding proteins, which lower the tm of the DNA-duplex are not uncommon. Such proteins have been studied in several prokaryotic systems, including that of the bacteriophage T4 (24, (28) (29) (30) (31) . So far as eukaryotes are concerned, similar proteins have been detected in Ustilago maydis (32) , meiotic cells of Lilium (33) , and in the calf thymus (34) (35) (36) . However, in all of these instances the proteins have been isolated from total cell lysates and coul not be assigned to the cell nucleus. Indeed, in a recent elegant study of DNAunwinding proteins from calf thymus (35, 36) Herrick and Alberts discuss that, in vivo, their protein preparation could well be specific for RNA. Consequently, the observations reported here are an important step towards elucidating the molecular basis of genome related activity of at least some of the nonhistone chromatin proteins.
